ABSTRACT: Apoptosis is an important mechanism allowing inflammation to be limited. Glucocorticoids are the most effective anti-inflammatory agents in asthma therapy and induce cell apoptosis.
Asthma is a disease characterized by a chronic airway inflammation [1] in which T-lymphocytes play a central role [2] . In the airways of asthmatics T-lymphocytes are functionally activated and, by the release of a wide range of cytokines, regulate the recruitment of inflammatory cells, such as eosinophils [3] . In addition, most of the T-lymphocytes infiltrating the airways of asthmatics are not apoptotic, suggesting that the persistence of airway inflammation may also depend upon their increased survival in the bronchial mucosa [4] . In addition, in both acute severe and moderate asthma, peripheral T-lymphocytes are characterized by an increased activation state, as they express higher levels of CD25, human leukocyte antigen (HLA)-DR, and very late activation antigen (VLA)-1 than in normal subjects [5] .
Apoptosis, a form of programmed cell death characterized by specific morphological features, is one of the mechanisms involved in the control of T-lymphocytes homeostasis [6, 7] , causing the deletion of autoreactive T-and B-lymphocytes [8] . In this context, molecules belonging to the B-cell lymphoma leukaemia-2 (Bcl-2)/Bax system and to the Fas/ Fas-ligand system, play a crucial role in the regulation of the apoptotic process. In particular, Bcl-2 is an intracellular protein that inhibits apoptosis while Bax counteracts the anti-apoptotic function of Bcl-2 by binding to this molecule [9] . Fas is a membrane protein that, when activated by its ligand, induces apoptosis [10, 11] .
Fluticasone propionate (FP) is a glucocorticoid that exerts a potent anti-inflammatory activity and is commonly used in the treatment of asthma. FP inhibits human T-cell migration and proliferation in vitro and significantly reduces mast cells, eosinophils, and T-lymphocytes numbers in bronchoalveolar lavage [12] . Although the reduction of eosinophil numbers is also due to the induction of apoptosis [13] , it is not known whether FP can exert a pro-apoptotic activity on T-lymphocytes as well.
The aims of the present study were: 1) to evaluate the effect of FP on apoptosis of both resting and interleukin (IL)-2 stimulated T-lymphocytes isolated from the peripheral blood of asthmatic patients; 2) to investigate the ability of FP to modulate T-lymphocyte expression of the related apoptotic markers Bcl-2, Bax and Fas, and of the cell activation marker CD25.
Materials and methods

Subjects
Nineteen patients (median age and 25-75 percentiles: 44; 27-61 yrs) were selected according to the criteria of the American Thoracic Society. All patients were characterized by a reversible airway obstruction (forced expiratory volume in one second (FEV1) values expressed as median and 25-75 percentiles: 72 (51-99)) assessed by an increase of 15% of FEV1 after inhalation of 200 mg of salbutamol. The severity of asthma was graded according to the AAS score [14] . Patients with persistent asthma were selected according to the World Health Organization/National Heart, Lung and Blood Institute (WHO/NHLBI) report and with an AAS [14] score of 2 (n=8 patients) to 3 (n=11 patients).
Fourteen normal healthy subjects (age: 37; 28-44 yrs) were enrolled. None of them had any previous history of lung or allergic disease. All subjects had a normal lung function test (FEV1: 104 (98-110)) and a negative allergy skin test. The enrolled patients did not undergo anti-inflammatory or steroid therapies during the two weeks prior to the study. All subjects were nonsmokers and had given their informed consent for the procedure. This study fulfilled the criteria of the Ethics Committee of the Hospital.
Isolation of peripheral blood T-lymphocytes
Peripheral blood T-lymphocytes (PBTs) were obtained from 40 mL of heparinized blood from asthmatics and normal donors as described previously [15] . The recovered PBT fraction was w97% CD3z as assessed by cytofluorimetric analysis.
T-lymphocytes cultures
PBTs were incubated with or without recombinant interleukin (IL)-2 (Genzyme, Cambridge, MA, USA) (1,000 UI?mL -1 ) and with or without FP (Glaxo Wellcome, Verona, Italy) at a final concentration of 10 -7 M. This concentration was used because, in preliminary dose-response curve experiments (FP from 1610 -10 -1610 -4 M), it had been demonstrated that 1610 -7 M is the optimal concentration able to induce cell apoptosis. Moreover, this concentration is within the pharmacological range [16] . PBTs were cultured (37uC, 5% CO 2 ) for 24, 48, 72, and 144 h, respectively, and cell apoptosis was evaluated as described below.
Annexin V binding
Apoptosis of stimulated and unstimulated PBTs was determined by using a FACStar Plus analyser (Becton Dickinson, San Jose, CA, USA) equipped with an Argon-Ion Laser (Coherent Innova 70, Becton Dickinson) and Consort 32 computer support, by evaluating Annexin V expression using a commercial kit (Bender MedSystem, Vienna, Austria), following the manufacturer9s directions. The Annexin V positive/propidium iodide (PI) negative cells were considered apoptotic cells. During apoptosis the cells became reactive with Annexin V after the onset of chromatin condensation but prior to the loss of the plasma membrane9s ability to exclude PI. Therefore, by staining cells with a combination of fluoresceinated Annexin V and PI, it is possible to detect early apoptotic cells (Annexin V Positive-PI negative) and to differentiate them from necrotic cells (PI positive).
Deoxyribonucleic acid gel electrophoresis
Deoxyribonucleic acid (DNA) fragmentation into nucleosomal bands was detected by agarose gel electrophoresis, as previously described [17] .
Deoxyribonucleic acid content
PBTs were washed twice in phosphate buffered saline (PBS), resuspended at a concentration of 1610 6 cells?mL -1 and fixed in 70% cold ethanol for 30 min at 4uC. The cells were washed twice in PBS and incubated in sodium citrate buffer (0.1%) containing 0.1% Triton X-100, 50 mg?mL -1 ribonuclease and 50 mg?mL -1 PI for 30 min at room temperature in the dark. PI fluorescence of individual cells was analysed by FACStar Plus cytometer (Becton Dickinson) and data were expressed in a log scale.
Electron microscopy
PBTs were centrifuged, washed twice in PBS and resuspended in fixative universal solution (4% paraformaldehyde and 1% glutaraldehyde in 0.1 M phosphate buffer) for 1 h. Cells were then washed in PBS, postfixed in 2% osmium tetroxide for 1 h and rinsed twice in PBS, followed by dehydration through a series of alcohols (30-100%, 5-min steps). Embedding was performed in epoxy resin (Epon812). Polymerization was carried out at 60uC for 48 h. Semi-thin sections (0.5 mm), cut using a ultramicrotome (Ultracut-E, Reichert-Yung, Jena, Germany), were mounted onto slides and warm-stained with methylene blue. Screening and photography were performed using a light microscope (Zeiss, Jena, Germany). Ultra-thin sections (80 nm) were mounted onto nickel grids, and counter-stained with 8% uranyl acetate in methanol for 10 min and lead citrate for 1-2 min. Cells were analysed by a 1220 electron microscope (JEOL, Tokyo, Japan).
Determination of apoptotic markers
The expressions of Fas, Bcl-2, Bax, and CD25 were evaluated using the same experimental conditions as described earlier. To evaluate intracellular expression of Bcl-2 and Bax proteins, cells were permeabilized using a commercial fix-perm cell permeabilization kit (Caltag Laboratories, Burlingame, CA, USA) following the manufacturer9s directions. Cells were then washed, resuspended in PBS at a concentration of 5610 6 mL -1 and 0.1 mL aliquots were incubated in the dark (30 min, 4uC) with a flouorescin isothiocyanate (FITC)-conjugated mouse anti-Bcl-2 clone 124, (Dakopatts, Glostrup, Denmark) or with the antiBax monoclonal antibody (MoAb) (unconjugated Bax p19 rabbit antihuman IgG1, Santa Cruz Biotechnology, Santa Cruz, CA, USA) followed by a phycoerythrin (PE)-conjugated antirabbit immunoglobulin (Ig)-G1 (Sigma, St Louis, MO, USA). For indirect immunofluorescence, an irrelevant unconjugated IgG1 (X-931, Dakopatts) followed by PE-conjugated rabbit antimouse IgG (Sigma) was used as a negative control. CD25 and Fas expression were evaluated by using antihuman (PE)-conjugated CD25 clone, ACT-1, (Dakopatts), and antihuman PE-conjugated CD95 clone DX2 (Dakopatts) MoAbs, respectively. PE-conjugated (X-928, Dakopatts) and FITC-conjugated mouse antihuman IgG1 (X-927, Dakopatts) were used as negative controls for direct immunofluorescence experiments, while PE-conjugated mouse antirabbit IgG (Dakopatts) was used as a negative control for indirect immunofluorescence experiments. Cells ( 1610 4 ) were evaluated. The expression of Fas and CD25 are presented as the percentage of positive cells; results of intracellular expression of Bcl-2 and Bax proteins are expressed as mean peak channel fluorescence [18] .
Statistical analysis
Data are expressed as medians and 25-75 percentiles. The Mann-Whitney U-test was used for unpaired comparisons. For multiple correlations, analysis for statistical significance was performed using a one-way analysis of variance (ANOVA test). For all tests pv0.05 was accepted as the threshold of statistical significance.
Results
Induction of apoptosis by fluticasone propionate on peripheral blood T-lymphocytes
Spontaneous apoptosis of PBTs isolated both from asthmatic and normal subjects was evident after 72 h (asthma: pv0.002 (ANOVA); normal subjects: pv0.003, (ANOVA)) and smoothly increased after 144 h ( fig. 1 ) (asthma: pv0.002; normal subjects: pv0.002). Negligible percentages of apoptotic cells were detected after 24 and 48 h of incubation in both study groups (data not shown). To verify whether the presence of FP was able to increase the number of apoptotic cells, PBT was incubated with FP at a molar concentration comparable to its in vivo pharmacological range (see Materials and methods). The Since the presence of IL-2 has been demonstrated to rescue T-lymphocytes from apoptosis [19] , the role played by FP in affecting the apoptotic phenomenon in a IL-2-stimulated model was investigated. As expected, the incubation with IL-2 decreased the percentages of apoptotic PBTs in both asthmatics and normal subjects, rescuing PBTs from spontaneous apoptosis (pv0.05; with the exception of asthmatics after 144 h of incubation (nonsignificant)). Interestingly, the incubation with FP counteracted the rescue activity of IL-2, causing a significant increase in the percentages of apoptotic IL-2-treated PBTs in both study groups (figs. 1a and 1b; normal subjects, 72 h IL-2 versus FPzIL-2, pv0.0006; 144 h IL-2 versus FPzIL-2, pv0.0005; asthmatic subjects, 72 h IL-2 versus FPzIL-2, pv0.0006; 144 h IL-2 versus FPzIL-2, pv0.04). The evaluation of DNA content demonstrated that FP exerted pro-apoptotic, in addition to, necrotic effects on PBTs ( fig. 2a) . After FP exposure, DNA damage was observed ( fig. 2b ; lanes 4 and 6) but DNA fragmentation was not typical, probably due to the presence of necrotic cells, which obscured the evidence of DNA laddering. In addition, the use of electron microscopy revealed, in FP-incubated PBTs, the presence of typical morphological changes due to apoptosis ( fig. 3) .
Effect of fluticasone propionate on B-cell lymphoma leukaemia-2 and Bax markers expression by peripheral blood T-lymphocytes Similar levels of Bcl-2 were expressed by PBTs freshly isolated from both asthmatic patients and normal subjects (fig. 4) . Bcl-2 expression in normal subjects spontaneously decreased in a time-dependent fashion. In contrast, in asthmatic patients, Bcl-2 expression remained stable at all time-points, reaching a statistical significance at 144 h (pv0.006). expression of Bcl-2 on PBTs from asthmatic patients (72 h: medium versus FP, pv0.04; 144 h: medium versus FP, pv0.05), but not on PBTs from normal subjects (fig. 4) .
The incubation with IL-2 was evaluated next, to determine whether it was able to modify the expression of Bcl-2 by PBTs, and whether FP was able to counteract the effect of IL-2 on the expression of this marker. IL-2 significantly increased the expression of Bcl-2 on PBTs isolated from both normal and asthmatic subjects at all time-points (normal subjects, 72 h: pv0.02; 144 h: pv0.003; asthmatic subjects, 72 h: pv0.0005; 144 h: pv0.05) ( fig. 4) and FP was able to counteract this effect by significantly decreasing the expression of Bcl-2 both in normal and asthmatic subjects (normal subjects, 72 h: pv0.05; 144 h: pv0.04; asthmatic subjects, 72 h: pv0.03; 144 h: pv0.02) (fig. 4) .
The authors further investigated whether the incubation with FP was able to affect the expression of Bax molecule on unstimulated as well as on IL-2-stimulated PBTs, isolated from both asthmatics and normal subjects. The incubation with FP had no effect on Bax expression by PBTs isolated both from asthmatics and normal subjects while, as expected, IL-2 significantly decreased the expression of this molecule on PBTs isolated from the two study groups at all time points. Interestingly, the addition of FP was able to restore the expression of Bax molecule on IL-2-stimulated PBTs. (fig. 5 ).
The effects of FP on Bax/Bcl-2 ratio were also examined. Although the incubation with FP increased the Bax/Bcl-2 ratio both in PBTs from normal subjects and asthmatics, these effects were statistically significant only in asthmatics after 144 h in unstimulated PBTs and after 72 and 144 h in IL-2-stimulated PBTs (table 1) .
Effect of fluticasone propionate on Fas expression by peripheral blood T-lymphocytes
The number of Fas positive cells was higher in the PBT population freshly isolated from asthmatic patients than in the PBT population freshly isolated from normal subjects (pv0.006, Mann-Whitney U-test) and this difference was still present after 72 h of incubation (pv0.04). The incubation with FP was able to significantly decrease the percentage of Fas positive PBTs in asthmatics (pv0.03), but not in normal subjects after 72 h, while no effect was detected after 144 h of incubation ( fig. 6 ).
The incubation of PBTs with IL-2 significantly increased Fas expression on these cells in both normal subjects (72 h: pv0.002; 144 h: pv0.0008) and asthmatic patients (72 h: pv0.007; 144 h: pv0.0008). The incubation with FP counteracted the effect of IL-2 on PBTs significantly reducing the Fas expression both in normals (72 h: pv0.008; 144 h: pv0.0006) and asthmatic (72 h: pv0.004; 144 h: pv0.0006) samples ( fig. 6 ).
Effect of fluticasone propionate on CD25 expression by peripheral blood T-lymphocytes
The numbers of CD25 positive cells were higher in the PBT population freshly isolated from asthmatics than in the PBT population freshly isolated from normal subjects, and this difference was still present after 72 and 144 h of incubation (pv0.04 and pv0.006, respectively, Mann-Whitney U-test). FP significantly decreased the percentage of CD25 positive PBTs in both normal subjects (72 h: pv0.02; 144 h: pv0.001) and asthmatics at all time points (72 h: pv0.005; 144 h: pv0.005) ( fig. 7) . Moreover, IL-2 at all time points significantly increased the expression of this marker on PBTs isolated both from normal (72 h: pv0.007; 144 h: pv0.009) and asthmatic subjects (72 h: pv0.005; 144 h: pv0.004) ( fig. 7) . Finally, the authors evaluated whether FP was able to counteract the effect of IL-2 on the CD25 expression by PBTs. The incubation with FP significantly reduced the expression of CD25 by IL-2-stimulated PBTs from asthmatics (72 h: pv0.05; 144 h: pv0.005) but not from normal subjects ( fig. 7 ).
Discussion
This study shows that FP induces apoptosis in unstimulated PBTs of normal and asthmatic subjects in a time-dependent manner. In addition, in asthma, this effect was associated with a significant decrease of Bcl-2 expression, and with an increase of the Bax/Bcl-2 ratio. In PBTs of asthmatics, FP also reduced Fas and CD25 expression. Moreover, in IL-2-stimulated PBTs from both asthmatics and normal subjects, FP was able to induce apoptosis and to reduce Bcl-2, Fas and CD25 expression, while negligible effects were detected on Bax expression.
T-lymphocytes in asthma release a large spectrum of inflammatory cytokines, which play a crucial role in the development of airway inflammation [3, 4] . Consequently, T-lymphocytes represent an important target of anti-inflammatory drugs, and particularly of steroids. FP is a glucocorticoid with a potent anti-inflammatory activity characterized by high affinity for the steroid binding site on the human lung glucocorticoid receptor (GR) [17] . It has been demonstrated that FP is more potent than other steroids in inhibiting in vitro human T-cell migration and proliferation [17] . In addition, in asthmatics, FP treatment is able to significantly decrease the number of T-lymphocytes in bronchoalveolar lavage and in nasal mucosa [12, 20] . Although this evidence shows that FP can decrease the number of T-lymphocytes, the mechanisms underlying this phenomenon have not been completely elucidated. Apoptosis plays a fundamental role in the control of the "tissue load" of cells at inflamed sites, and tends to limit inflammatory tissue injury and to promote resolution rather than progression of inflammation [21, 22] . Therefore, in the present study the authors evaluated whether the anti-inflammatory properties of FP may also be related to the induction of T-lymphocyte apoptosis.
The study first demonstrated that unstimulated in vitro cultured PBTs from asthmatic and normal subjects undergo spontaneous apoptosis in the same manner, and that the effect of FP on apoptosis of PBTs from mild-to-moderate asthmatics and normal subjects is similar ( fig. 1) . The data confirm previous observations [23] , showing that long-term cultured T-lymphocytes undergo apoptosis spontaneously and are responsive to the pro-apoptotic effect of steroids. In this regard, it has been shown that dexamethasone and prednisone can induce apoptosis of normal PBTs in a dose-and time-dependent manner [24, 25] . Accordingly, this study demonstrates that FP exerts the maximal in vitro proapoptotic effect, in both study groups, at a molar concentration (1610 -7 ) that is comparable to its in vivo pharmacological range, and in a time-dependent manner.
To identify the mechanisms by which FP induces apoptosis on unstimulated in vitro cultured PBTs, the expression of the apoptosis related markers Bax and Bcl-2 was evaluated. It was found that FP decreased Bcl-2 expression in asthmatic but not in normal PBTs ( fig. 4) , suggesting that, in asthmatics, FP-induced apoptosis is partly mediated by the downregulation of the "survival" Bcl-2 molecule. In addition, the finding that Bcl-2 expression spontaneously decreases after 72 and 144 h of incubation in normal subjects, while the expression of this molecule remains stable in asthmatics ( fig. 4) , supports the hypothesis that the mechanisms leading to the regulation of the Bcl-2 expression are altered in asthma, a phenomenon that is likely to be associated with the persistent inflammatory process characterizing the disease. Therefore, it is probable that FP is active in PBTs from asthmatics because it is able, at least partly, to restore the regulatory activity of these mechanisms.
The inhibitory action of FP on the biological activities of IL-2 represents another important mechanism by which this drug exerts its antiinflammatory and proapoptotic effects. It is widely accepted that activated T-lymphocytes require the continuous presence of IL-2 for clonal expansion and the prevention of apoptosis by upregulating the expression of Bcl-2. Incubation with steroids decreases IL-2 production by activated T-lymphocytes in vitro, and leads to the reduction of Bcl-2 expression and apoptosis. Conversely, the addition of IL-2 to the same cultures reinduces the expression of Bcl-2 and prevents apoptosis [26] . The results of this study confirm and extend this evidence to show that FP contrasts the IL-2 effects by decreasing Bcl-2 expression ( fig. 4 ) and by restoring Bax (a Bcl-2 antagonist) expression ( fig. 5 ) on PBTs from both asthmatic and normal subjects. The Bax/Bcl-2 ratio was further analysed because it appears to be an accurate determinant for apoptosis: lower Bax/Bcl-2 ratio promotes cell survival; whereas, higher Bax/Bcl-2 ratio promotes cell death [23] . Interestingly, FP significantly increased the Bax/Bcl-2 ratio on PBTs from asthmatics (table 1), suggesting that in activated T-lymphocytes, FP also promotes apoptosis by increasing the Bax expression, which in turn is able to counteract the antiapoptotic function of Bcl-2 by binding to this molecule. Further evidence that FP exerts specific modulatory functions in activated T-cells, is its ability to generate a reduction in the number of Fas-positive cells in PBTs from asthmatics. Accordingly, it has been demonstrated that the treatment of asthmatic patients with either oral or inhaled steroids decreases Fas and increases Fas-L expression in T-lymphocytes present in bronchial submucosa [27] . In this regard, it has been proposed that in asthma the increased expression of Fas-L in the epithelium of steroid-treated asthmatics may exert an additional cytotoxic activity toward Fas-bearing T-lymphocytes infiltrating the submucosa [27] . Moreover, this study demonstrated that FP significantly reduced CD25 on the surface of PBTs ( fig. 7) , suggesting that FP counteracts the IL-2 activity not only by inhibiting the production of this cytokine [28] but also by reducing the expression of its receptor. It is conceivable that the reduction of CD25 and Fas expression is also due to the ability of FP to induce apoptosis preferentially on activated PBTs, characterized by a greater expression of Fas and CD25 molecules. Accordingly, the treatment with FP reduces the number of CD3/HLA-DR positive T-lymphocytes in the PBTs of asthmatic patients [29] . Taken together, these findings support the hypothesis that FP reduces the presence of activated T-lymphocytes at the site of inflammation by promoting T-cell apoptosis. Moreover, the finding that IL-2-stimulated PBTs are more responsive to the formerly described effects of FP than unstimulated PBTs (figs. 1, 4-7) might be explained by the presence of a higher expression of GR on activated PBTs. In this regard, it has been demonstrated that phytohaemogluttininactivated PBTs express a higher number of GR messenger ribonucleic acid (mRNA) [25] than resting PBTs. Finally, no correlation between apoptosis and related markers (Bcl-2, Bax, and Fas; data not shown) was found, suggesting that FP-induced apoptosis is due to the concomitant activation of a variety of mechanisms, rather than the involvement of a single pathway. Moreover, in asthmatic patients, the discrepancy between the number of apoptotic cells and of apoptosis markers may also be related to an altered apoptotic potential of PBTs from asthmatic patients, as well as to the ongoing inflammatory process [30] .
In conclusion, these findings suggest that fluticasone propionate is able to increase apoptosis and to modulate apoptosis related markers in interleukin-2-stimulated peripheral blood T-lymphocytes and indicates an additional mechanism by which its antiinflammatory effects are exerted. 
